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Abstract
Background: Sternal dehiscence and deep sternal wound infection mostly coincide. Approximation and rigid fixation are corner-
stones in supporting good bony union.Wire cerclage is adequate for approximation butmay be inadequate for sternal stability. So there
is a need to study other methods of sternal fixation (titanium plate fixation) and to compare with the traditional wire cerclage method.
Methods: Thirty isolated coronary artery bypass graft (CABG) patients were followed in this study regarding closure of their
sternums; 15 with our method of concern: the Sternalock plates (group A) and 15 with the conventional stainless steel wiring (group
B). The two groups were compared in a prospective non randomized study in the period of Jan 2013 to Jan 2015. Patients were
followed up over 6 months postoperatively regarding pain among other factors.
Results: The two groups' demographics and perioperative variables were properly matched. They were followed in-hospital, at one
month and over 6 months postoperatively: no mortalities; pain was much less in group A during in-hospital and at 1 month follow
but at six months; no significant pain difference was detectable. Less narcotic need in group A but hospital stay was almost the
same. Both groups demonstrated good healing at the end of the study with slightly higher incidence of wound infection and need for
refixation in group B.
Conclusion: Sternal plating following CABG is reproducible; easy to apply, not time consuming, easy reopening in case of
emergency, inert, with the benefit of less early postoperative pain and narcotic use.
Copyright © 2016, The Egyptian Society of Cardio-thoracic Surgery. Publishing services by Elsevier B.V. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction
Median sternotomy is the preferred approach for cardiac surgeons. Despite of good access and exposure, infectious
complications resulting in post-sternotomy mediastinitis have devastating consequences; mortality rate can be as high
as 15% [1].* Corresponding author.
** Corresponding author.
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early postoperative period predisposes to infection [2].
Approximation and rigid fixation are cornerstones in achieving good bony union; this allows for the formation of
blood vessels which carry nutrients and initiates the repair process to the injury site. This is also applicable to fixation
of the sternum following a sternotomy [3].
While stainless steel wire cerclage stands as the most popular method for primary sternal closure being familiar,
simple and relatively of low cost [4], some in vitro reports show that wire cerclage is adequate for approximation but
may be inadequate for sternal stability [4e6].
Due to the dramatic changes in characteristics of patient population undergoing cardiac surgery in the current era,
including older, multi-morbid patients with more serious cardiac disease, making them more risky to develop sternal
non-union and infection [7], new ideas for sternal closure have been introduced to the field. The use of plate fixation is
one modality that provides the rigid fixation needed to support healing following approximation [8].
The aim from this prospective study was to evaluate the efficacy of titanium plate fixation for sternotomies after
CABG regarding sternal healing and stability, need for refixation and the incidence of sternotomy-related compli-
cations then to compare these data with a matched group of patients who had their sternotomies closed in the
traditional wire cerclage technique.
2. Patients and methods
Of 76 total cardiac cases performed during the period of this study, 30 patients undergoing CABG met the criteria
and were enrolled, 15 had titanium plate fixation (groupA) versus 15 patients who had their sternotomies closed in the
conventional wire cerclage (figure of eight) technique (group B) in the period of Jan 2013 to Jan 2015 in King Fahd
university hospital, Dammam University.
2.1. Inclusion criteria
Cases in need for isolated CABG including patients having:
- Diabetes mellitus.
- Renal failure and dialysis patients.
- Obesity (Body mass index (BMI) > 30 kg/m2).
- Chronic obstructive pulmonary disease (COPD).
- Prolonged cardiopulmonary bypass (CPB) time> 120 min.2.2. Exclusion criteria
- Emergency operations.
- Redo operations.
- Non-central sternotomies (closed using the Robicsek weave technique).
- Other concomitant cardiac surgical procedures, e.g. valvular or aortic surgery.
All patients had routine preoperative evaluation:
 History and clinical examination.
 Routine laboratory work, chest X ray (CXR), ECG, Transthoracic echocardiography, coronary angiography and
pulmonary function tests.
Perioperative Patients' characteristics and variables evaluated were: age, sex, diabetes, HbA1c levels, COPD
(FEV1/FVC measurement), BMI, renal function, CPB time and duration of mechanical ventilation.
HbA1c results were aligned to the assay used in the Diabetes Control and Complications Trial (DCCT), shown as a
percentage: Non-diabetic 'normal' range was 4e6%. An HbA1c of (6.5%) was recommended as the cut-off point for
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Body mass index (weight in kg/height2 in meters) was used as a measure of high body fatness. Up to 25 kg/m2 was
considered normal, obesity> 30, and in between was overweight.2.3. Patient awareness
Patients were explained both methods of closure and possibility of use of either one of them then informed consents
were signed. We instructed all patients about the weight bearing precautions following surgery by discussion and
demonstration, this involved bringing translators to combat language barriers.2.4. Surgical technique (Titanium plate fixation)
All patients underwent isolated CABG on CPB under general anaesthesia.
We used the Sternalock®blue primary fixation system (biomet microfixation) set as shown in Fig. 1. Choice of the
suitable screw length was helped by the use of special instrument (Fig. 2). Sternal ends were approximated using a
specially designed bone reduction approximators (Fig. 3), the configuration of the plates (made of commercially pure
Titanium) was individualized based on the size and shape of the sternum. The plates were bent to fit on the surface of
the sternum after elevation of the overlying tissues using electrocautry and then fixed to the sternum with self tapping
screws.
Previously, screws required pre-drilling of the bone and were bi-cortical. These now changed to mono-cortical,
self-tapping screws (Fig. 4). The plates could be readily cut in the middle by bone cutting forceps in case of reopening.
An Intraoperative photo is shown in Fig. 5 and a postoperative lateral view CXR (Fig. 6) are shown.
All patients were given a standard prophylactic antibiotic protocol:
- Preoperatively, cefazoline 1 g IV 30 min before skin incision and one additional gram on the priming of heart
lung machine.
- Postoperatively, cefazoline 1 g IV, three times daily for three days then shifted to oral augmentin 1 g orally twice
daily for five days) unless wound infection was encountered with positive culture and sensitivity to other
antibiotics.
Standard analgesia protocol was intended to detect differences in pain sensation in the early postoperative period.
All patients were given paracetamol 1 g intravenously every 6 h 1st 2 days then shifted to oral paracetamol 1 g every
8 h for 5 days. Narcotic use was individualized according to patient needs {delivered in PCAway (patient controlled
analgesia), intravenously} and was recorded as a variable to be compared between both groups.Fig. 1. The sternalock blue set.
Fig. 2. Screw sizer.
Fig. 3. Approximator.
Fig. 4. Screw in position.
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Fig. 5. Operative fixation.
Fig. 6. Follow up CXR.
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helped by the respiratory therapist team.
Postoperative variables evaluated in both groups were:
- Postoperative pain assessment (score) and narcotic use
- Bleeding and reopening
- Sternal stability: (click- dehiscence)
- Wound infection and mediastinitis
- Need for re-fixation
- Hospital stay (in days)
- Mediastinitis related mortality.
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ratings (out of 10), corresponding to current, best and worst pain experienced over the past 24 h, the average of the 3
subjective ratings was used to express the patient's level of pain in the last 24 h [11]. Sternal stability was assessed
clinically by feeling both sides while coughing.
The definition of mediastinitis has been announced by the Center for Disease Control and Prevention (CDC) in the
USA According to these guidelines, diagnosis of mediastinitis requires presence of at least one of the following:
(1) An organism isolated from culture of mediastinal tissue or fluid.
(2) Evidence of mediastinitis seen during operation.
(3) One of the following conditions: chest pain, sternal instability, or fever (>38 C), in combination with either
purulent discharge from the mediastinum or an organism isolated from blood culture or culture of mediastinal
drainage [12].
Patients were followed up clinically at discharge, at one month then over six months after discharge based on
outpatient appointment visits and results were compared to detect variables of significance.2.5. Statistical analysis
Results were expressed as mean± standard deviation (SD). Comparison between mean values of different variables
in the two studied groups was performed using unpaired t test. Statistical package for social sciences (SPSS) computer
program (version 19 windows) was used for data analysis. P value less than or equal to 0.05 was considered significant
and <0.01 was considered highly significant.3. Results
3.1. Perioperative characteristics
Perioperative variables and characteristics were compared and shown in Table 1.
Patients were well matched in terms of demographics and risk factors for sternal wound complications. Age and sex
distribution were almost similar in both group (mean age 57.1 years in group Aversus 59.3 in group B with p-value of
0.502), with male patients percentage of 73% in group A compared to 66% in group B.
Risk factors including diabetes mellitus, COPD, renal failure (including patients on hemodialysis), obesity, CPB
times and duration of mechanical ventilation were almost equally distributed over both groups (Table 1).Table 1
Perioperative characteristics.
Group A Group B P Value
Age (years) 57.07 ± 8.65 59.27 ± 9.06 0.502(NS)
Sex
Male 11/15 (73%) 10/15 (66.7%) 0.731(NS)
Female 4/15 (27%) 5/15 (33.3%) 0.553(NS)
Diabetes 10/15 (66.7%) 9/15 (60%) 0.453(NS)
HbA1c 6.73 ± 0.76 6.61 ± 0.93 0.685(NS)
COPD 6/15 (40%) 5/15 (33.3%) 0.345(NS)
BMI 30.60 ± 3.54 30.73 ± 3.45 0.918(NS)
Renal function - Cr 1.92 ± 1.38
- HD: 2/15 (13.3%)
1.97 ± 1.31
3/15 (20%)
0.914(NS)
CPB time (minutes) 75.1 min ± 14.3 78.2 min ± 13.1 0.536(NS)
Mechanical ventilation time (Hours) 8.0 ± 3.38 7.73 ± 3.58 0.835(NS)
All data are expressed as Mean ± SD or number (%).
Abbreviations: (SD) Standard deviation, (HD) Hemodialysis, (NS) Non-Significant, (COPD) Chronic obstructive pulmonary disease, (BMI) Body
mass index, (CPB) cardiopulmonary bypass, (Cr.) Creatinine, (HbA1C) Haemoglobin A1C.
Table 2
Postoperative follow up.
Period Group A Group B P Value Significance
Pain In hospital 5.13 ± 1.25 6.40 ± 0.50 0.0011 **
1 month 2.53 ± 1.25 3.93 ± 0.80 0.0010 **
6 months 1.0 ± 0.93 1.67 ± 1.11 0.0853 NS
Narcotic use (PCA morphine) In hospital 8.0 ± 4.71 mg 14 ± 5.73 mg 0.0204 *
Reopening for bleeding In hospital 0/15 (0%) 2/15 (13%) 0.30 NS
Wound infection 2/15 (13%) 3/15 (20%) 0.33 NS
- superficial
- deep
2/15
0/15
2/15
1/15
0.78
0.054
NS
NS
Sternal instability In hospital 0 (0%) 2 (13%) 0.067 NS
1 m 1 (6.6%) (click) 1 (6.6%) (click) 0.91 NS
6 m 0 (0%) 0 (0%) 0.68 NS
Refixation 0 (0%) 1 (6.6%) 0.08 NS
Hospital stay in days 7.27 ± 2.55 8.80 ± 3.08 0.1482 NS
All data are expressed as Mean ± SD or number (%).
Abbreviations: (*) Statistically significant, (**) High statistical significance, (SD) Standard Deviation, (NS) Non-Significant, (PCA) Patient
controlled analgesia.
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Both groups of sternal closure were compared:
Pain score was found to be significantly less in group A than group B; in-hospital and at one month (mean and SD of
5.13 ± 1.25 and 2.53 ± 1.25 in group Aversus 6.4 ± 0.50 and 3.93 ± 0.80 in group B, respectively) but at six months;
no significant pain score difference was detectable between both groups (1.00 ± 0.93versus 1.67 ± 1.11, respectively).
Narcotic need was found to be significantly higher in group B (p value of 0.0204).
Two patients of group B underwent reopening for bleeding (none for group A). We had two patients in group Awith
superficial wound infection who needed only medical management, in comparison to three patients in group B; one
with mediastinitis (required debridement and refixation) and two with superficial wound infection who also were
managed medically.
Both groups showed adequate stability of the sternotomy at the end of the study: In-hospital, two cases in group B
had separation, one of them was the one with mediastinitis who was debrided and refixed, the other had only click in
lower part of sternum and was conserved on. At one month follow-up, there was only sternal click in one patient in
each group that disappeared spontaneously at 6 months follow up.
Hospital stay was not an issue of significant difference between both groups (mean and SD of 7.27 ± 2.55 in group
A versus 8.80 ± 3.08 in group B).
No mortality was encountered in the study population.4. Discussion
Sternal dehiscence in post-sternotomy cardiac surgery is a nightmare for both surgeons and patients. Not only
causing discomfort and pain, it has also appreciable impact on patient's course and even mortality, which raises
hospital costs and social repercussions. Since introduction of median sternotomy by Milton (1897) [13], multiple
authors described a multitude of sternal closure techniques, from single wire to more modified “figure of eight”
closure and cable closure techniques. Also dynamic fixation plates have been discussed [14].
Rigid sternal fixation is a replication of principles learnt from bone stabilization in other parts of the body. It can be
used in cases of median sternotomy, also in sternal reconstructions (traumatic fractures and pectus deformities). Rigid
sternal fixation is crucial in the prevention of development of mediastinitis [6,15].
In an animal study, Sargent evidenced that at four weeks, stability of union was appreciable at the sternotomy site
after removing the plates and manipulating the sternums of skeletally mature baboons. On the other hand, wired
animals showed unstable sternums and mobility with manipulation at the fractured site after wire removal. By eight
weeks, both groups showed good healing and no difference was seen between the two closure modalities. This study
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significant improvements in withstanding forces in both lateral and longitudinal shear distractions when compared to
wire [3,4].
Historic obstacles which faced the wide use of plate fixation were: issue of drilling, emergency reopening and
additional time and cost over that of wire use. Screw drilling is now easier, being self tapped and monocortical, plates
can be easily cut in the middle in emergency situations, time has been reduced significantly by the new Sternalock
system but still the cost is high, which by virtue of lower rate of mediastinitis can be considered cost effective [17].
In a study by Song and colleagues [18], the incidence of mediastinitis was significantly higher in wire group than
sternal plate group; both groups were matched regarding perioperative risk factors. This supports our finding in this
study but could not get statistical significance due to small sample size in comparison with the aforementioned study
population (45 plate fixation versus 207 wire cerclage). This was also confirmed by Snyder et al. [19].
Prospective and retrospective studies have demonstrated that the incidence of non-cardiac pain after sternotomy
ranged from 7 to 28%; mostly related to sternal instability [20,21]. Decreased post-sternotomy pain eventually reduces
analgesic requirements, patient dissatisfaction, and subsequent hospital visits. With less pain, patients may return to
their normal level of activity earlier and avoid the detrimental consequences of immobilization. They have improved
quality of life and decreased incidence of anxiety and depression. Other studies like ours recommend rigid sternal
fixation as a concept to decrease post-cardiac surgery pain and prevent mediastinitis [6,22].
In our study, we evaluated the relatively recent method of sternal closure using the Sternalock titanium plates in
closure of sternotomy following isolated CABG procedures (studying the effect of rigid sternal fixation) in com-
parison with the traditional stainless steel wire cerclage technique (figure of eight closure).
The two group characteristics were well distributed regarding demographics and risk factors for sternal non-union
and mediastinitis, after following 30 patients over 6 months, we found significant less pain sensation till 1st month
postoperatively with less narcotic need in the Sternalock group, possibly due to sound sternal osteotomy fixation in
addition to the approximation effected by the plate fixation but at 6 months pain was much less with no big difference
among patients of both groups due to good healing. Hospital stay was of no significant difference.
4.1. Limitations of the study
We preferred not to include cases on chronic steroid use, immunosuppressed patients and patients having bilateral
internal mammary artery (IMA) harvesting into this study because of relatively low chance to encounter such con-
ditions where statistic significance would not mostly be achievable.
Inability to submit all patients to computed tomography scan due to lack of resources.
The sample size was relatively small to demonstrate significant statistical difference in postoperative variables, but
this study may pave the way to study more numerous patients to validate the efficacy of our modality of concern.
5. Conclusion
Sternal plate fixation is a risingly accepted method of sternal closure following CABG surgery; it achieves sternal
fixation in addition to the approximation needed for proper healing.
Our study proved that it is safe to use this method, being easy to apply in a non time consuming way, easy reopening
in case of emergency, being inert, with the benefit of less early postoperative pain and narcotic use.
Non shortened hospital stay and relatively high cost may render this method less economic than wiring but the
reduced pain and rapid return to work may justify its use on wide scale.
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